Abstract The action of RecA, an important eubacterial protein involved in recombination and repair, involves the transition from an inactive filament in the absence of DNA to an active filament formed in association with DNA and ATP. The structure of the inactive filament was first established in Escherichia coli RecA (EcRecA). The interaction of RecA with non-hydrolysable ATP analogues and ADP has been thoroughly characterized and the DNA binding loops visualized based on the crystal structures of the RecA proteins from Mycobacterium tuberculosis (MtRecA) and Mycobacterium smegmatis (MsRecA). A switch residue, which triggers the transformation of the information on ATP binding to the DNA binding regions, has been identified. The 20-residue C-terminal stretch of RecA, which is disordered in all other relevant crystal structures, has been defined in an MsRecA-dATP complex. The ordering of the stretch is accompanied by the generation of a new nucleotide binding site which can communicate with the original nucleotide binding site of an adjacent molecule in the filament. The plasticity of MsRecA and its mutants involving the switch residue has been explored by studying crystals grown under different conditions at two different temperatures and, in one instance, at low humidity. The structures of these crystals and those of EcRecA and Deinococcus radiodurans RecA (DrRecA) provide information on correlated movements involving different regions of the molecule. These correlated movements appear to be important in the allosteric transitions of RecA during its action.
Introduction
RecA is a multifunctional protein that binds ATP and DNA. It plays a central role in recombination, and in eubacteria it is primarily involved in DNA repair, including the SOS response (McGrew and Knight 2003) . RecA molecules exist as helical filaments even when not bound to DNA. Upon binding to DNA, which is preceded by binding to ATP, RecA molecules continue to form slightly longer filaments in complex with ATP and DNA, which are often referred to as 'active' filaments, in contrast to the slightly compressed filaments formed in the absence of DNA that are referred to as 'inactive filaments' (Flory et al. 1984; Ganesh and Muniyappa 2003) . The molecular structure of RecA was first reported by Story et al. (1992) , based on their crystal structure analysis of the Escherichia coli enzyme (EcRecA); at the same time these authors determined the partially refined structure of a complex of the enzyme with ADP. The characterization of these structures established the tertiary structure of the protein, the way it associates into an 'inactive' filament in the space group P6 1 and the location of the nucleotide binding site. However, detailed characterization of the RecA-nucleotide interactions remained to be elucidated. The two DNA binding loops and the C-terminal stretch of the molecule were disordered in the crystal structure. In addition, the availability of only one well-refined structure also meant that the plasticity of the molecule, necessary for its allosteric action, remained unexplored. Subsequent X-ray studies on Mycobacterium tuberculosis RecA (MtRecA) were undertaken by Datta et al. (2000 Datta et al. ( , 2003a , as part of a long-term research programme on mycobacterial proteins, which in due course developed into a national effort (Arora et al. 2011) . The research on MtRecA was subsequently extended to the homologous protein from Mycobacterium smegmatis (MsRecA) (Datta et al. 2003b) , and the work on these two homologous proteins and further investigations on EcRecA led to, among other things, the characterization of possible allosteric movements within the protein molecule.
Structure and aggregation
As in the case of the E. coli enzyme, MtRecA, the first mycobacterial RecA to be X-ray analysed, crystallizes in space group P6 1 , and filaments are formed around the sixfold screw axis (Datta et al. 2000) . Indeed, the RecA molecules from other sources that were studied subsequently were also found to crystallize in the same space group (Datta et al. 2003b; Rajan and Bell 2004 ). Thus, not only the crystallographically determined molecular structure, but also the crystal structures themselves are biologically relevant.
The structure of MtRecA was analysed in the native crystals as well as in the crystals of its complex with ADP-AlF 4 , ATPγS and dATP, all of which are nonhydrolysable analogues of ATP and ADP (Datta et al. 2000 (Datta et al. , 2003a . MtRecA has approximately a 60% sequence identity with EcRecA. Unlike in EcRecA, the functional MtRecA molecule is produced by the post-translational proteolytic removal of a segment of the polypeptide stretch from the middle of the chain and the subsequent joining of the free ends (Davis et al. 1992; Kumar et al. 1996) . However, EcRecA and MtRecA have essentially the same structure (Datta et al. 2003a) , as illustrated in Fig. 1 , although differences in their fine detail are present. MsRecA, analysed subsequently along with its complexes, also has the same structure. The basic structure consists of three domains. The N-domain (residues 1-30), which consists of a long helix followed by an extended stretch, projects out of the main Mdomain (residues 31-269), which has a 'P-loop containing NTPase fold' according to the SCOP classification (Murzin et al. 1995) . The fold essentially consists of a twisted β sheet flanked by helices. The M-domain is followed by a 59-residue C-domain which consists of three helices and three β-strands (Datta et al. 2000) . Interestingly, the last 20 or so residues of the C-domain, which have been shown to be important in allosteric regulation, are disordered except in one instance (see further in text) in crystal structures.
The M-domain is the business end of the molecule. It contains the P-loop region (residues 67-74), which is important for nucleotide binding. Residues in loop region 225-241 are known to be involved in LexA binding in the SOS response (Dutreix et al. 1989; Story et al. 1992; Yu and Egelman 1993) , while loops L1 (157-165) and L2 (195) (196) (197) (198) (199) (200) (201) (202) (203) (204) (205) (206) (207) (208) (209) (210) are known to be responsible for recognizing and binding DNA in the RecA filament. These DNA binding loops were not defined in the original EcRecA structures. The electron density of L1 and L2 has been defined in the MtRecA complexes of Mg-ATPγS (1MO5) and ATPγS (1MO4), respectively, and L1 and L2 have been found in some of the MsRecA structures as well. The loops project into the central groove of the RecA filaments ( Fig. 2) which Fig. 1 The structure of Mycobacterium tuberculosis (MtRecA). The N-, M-and C-domains (see section Structure and aggregation for description of domains) are denoted in blue, green and pink, respectively. Different functionally important regions in the M-domain are indicated. Coordinates of the dATP complex [Protein Data Bank (PDB) ID: 1MO6] were used to prepare the bulk of the figure. The loops L1 and L2 were taken from the ATPγS-Mg complex (1MO5) and the ATPγS complex (1MO4), respectively, of MtRecA. This and the subsequent images were prepared using the Python-enhanced molecular graphics tool PyMOL (W.L. DeLano: The PyMOL Molecular Graphics System. DeLano Scientific LLC, San Carlos, CA; available at: http://www.pymol.org) Fig. 2 Location of the L1 (yellow) and L2 (black) loops when viewed down the 6 1 screw axis of the MtRecA filament. The six molecules are colored differently. The filament has been generated by applying 6 1 symmetry to the coordinates used for preparing Fig. 1 is the location of the bound DNA. The N-and C-domains are involved in the higher order aggregation of RecA into filaments and bundles of filaments. EcRecA and mycobacterial RecAs aggregate into filaments in nearly the same manner. EcRecA filaments are known to form bundles Stasiak 1986, 1988) , and it has been suggested that the function of bundles could be to suppress filament formation on inappropriate substrates so that the initiation of the SOS pathway on such substrates is prevented (Story et al. 1992) . Bundle formation appears to be much weaker in mycobacterial RecA. For example, while there are ten inter-filament hydrogen bonds in the EcRecA crystal structure (PDB ID: 2REB; Story et al. 1992) , there is only one in the structure of MtRecA (1G19; Datta et al. 2000) . Shape complementarity between filaments is also poor in the MtRecA structure. Furthermore, the surface of the mycobacterial RecA filaments is substantially negatively charged (Fig. 3) relative to the EcRecA filaments due to a few amino acid substitutions. Repulsion between the same charges also appears to weaken the interactions among filaments which are in consonance with the observed difference in the aggregation-disaggregation behaviour of EcRecA and MtRecA (Vaze and Muniyappa 1999) .
RecA-nucleotide interactions and the switch residue
The details of RecA-nucleotide interactions were first characterized by X-ray analysis of the complexes of MtRecA with ADP (1MO3), ATPγS (1MO4) and dATP (1MO6) (Datta et al. 2003a) . They were further explored in crystallographic studies on similar complexes involving MsRecA, which exhibits 89% sequence identity with MtRecA (Datta et al. 2003b ). The binding site of the nucleotides can be roughly divided into three regions: the phosphate binding region (P), the sugar binding region (S) and the base binding region (B) (Fig. 4) . As expected, the P region involves the P loop (residues 68-75), particularly (in the MsRecA numbering scheme) Ser71, Ser72, Gly73, Lys74, Thr75 and Thr76. Interestingly, Gln196 (195 in MtRecA) , the first residue in a DNA binding loop, is also part of the P region. The residues that interact with the sugar include Asn242 and Tyr105. Tyr105, in addition to interacting with a sugar hydroxyl group, stacks against the base. Another residue involved in interacting with the base is Asp102. The structures of the nucleotide complexes of the EcRecA (1XMV and 1XMS, Xing and Bell 2004) and Deinococcus radiodurans RecA (DrRecA; 1XP8; Rajan and Bell 2004) , which became subsequently available, suggest that the nucleotide binding region in eubacterial RecAs is essentially conserved.
The geometry of the binding site is substantially well preserved irrespective of the nature of the ligand. The same geometry is observed in MtRecA and MsRecA. The location of the base is also reasonably well-preserved. However, differences do occur in the location of the sugar and, in a more pronounced manner, in the location of the phosphate tail. In spite of the very high sequence homology between MtRecA and MsRecA, the locations of a given ligand in their respective complexes exhibit some differences. These differences appear to be in consonance with the observed small differences in the biological activity of the protein from the two mycobacteria (Ganesh and Muniyappa 2003) .
One residue which consistently moves in response to nucleotide binding is Gln196 in MsRecA. The side chain amide group of this residue interacts with the phosphate tail of the nucleotide. The residue moves by about 1Å or slightly more towards the nucleotide in the complexes of MsRecA from its position in the native structure (Fig. 5) . The action of RecA, including its association with DNA, is triggered by its binding to ATP. A major question is how the information on nucleotide binding is conveyed to the DNA binding region. Interestingly, Gln196 belongs to a DNA binding loop. The movement of this residue upon nucleotide binding appears to suggest that it could well be the switch that triggers the transmission of the information mentioned above. The relevant crystal structures show that the corresponding residues in MtRecA and EcRecA (Gln195 and Gln194, respectively) move in a similar manner upon nucleotide binding. Indeed, it has been demonstrated that mutation of this residue in EcRecA leads to the loss of the ATP-induced increase in DNA binding affinity (Kelley and Knight 1997) . The mutations in MsRecA also abolish the enhancement of ATPase activity in the presence of DNA (Manjunath 2009 ).
Identification of a fully ordered C-terminal domain and the generation of a second nucleotide binding site
In 2003, Lusetti et al. (2003a, b) suggested that the Cterminal domain has a regulatory role in the catalytic activity of RecA. However, their exploration of the structural basis of this role was hampered as around 20 of the last residues of this domain remained undefined in all of the crystal structures. In this context, it is interesting that Krishna et al. (2006) observed a fully ordered C-domain, including the last 20 residues, in the crystal structure of a complex of MsRecA with dATP (2G88). The structure of another form of the same complex had already been determined by our group. The new form was obtained from the same set of crystallization experiments, but with a higher concentration of ammonium sulphate in the crystallization medium. The interest generated by this structure, observed in the new form, shifted the focus of further effort from MtRecA to MsRecA.
The C-terminal stretch as seen for the first time (329-349; referred to as C*) has a compact folded structure and interacts with the rest of the molecule through a number of hydrogen bonds. The ordering of C* is accompanied by a small movement of the C-domain towards the M-domain. More importantly, this ordering results in a concurrent generation of a new nucleotide binding site (dATP II) ( Fig. 6a ) with good electron density for dATP. The residues and their disposition in the new binding site are similar to those in the first nucleotide binding site (dATP I) and in the wellcharacterized sites in other relevant proteins, indicating the probable biological relevance of the site. An exploration of the pockets and cavities in the molecule using the CAST programme (Liang et al. 1998 ) indicated the presence of this site, while no site was found when the exploration was carried out in the absence of C*. Thermodynamic parameters also appear to confirm the presence of new site (Krishna et al. 2006) .
In the RecA filament, formed around the 6 1 screw axis in the crystal structure, dATP II in each subunit is close to dATP I in an adjacent subunit. A communication pathway between the dATP molecules at the two sites has also been established (Fig. 6b ) and found to involve the 102-105 stretch, belonging to the first site, and Gln259 of the second site. A magnesium ion bridges the γ-phosphate and Gln259 at the second site. The Asp102 hydrogen bonds with the adenine base of the first site as well as with the Gln259 of the adjacent molecule. Tyr105, which stacks on the base, is also part of the 102-105 stretch. Asp102, Tyr105 and Gln259 are highly conserved residues. The ordering of C* Fig. 5 The location of Gln196 in native Mycobacterium smegmatis (MsRecA; green; 1UBC) and when complexed with dATP (magenta; 1UBG). The M-domains of the two structures were superposed to generate the figure. The molecular graphics programme Coot (Emsley et al. 2010 ) was used in all superpositions and the generation of the second nucleotide binding site are accompanied by several small changes in the structure, some of which could strengthen the communication between the two sites and that between the nucleotide and the DNA binding region (Krishna et al. 2006) . In light of the earlier biochemical results on the role of the C-domain, including C*, on the action of RecA, the observation of the ordered C-domain, a second ATP binding site and the communication link between this site and the first site in an adjacent molecule appears to be important in the allostery in RecA filaments.
Concerted movements in the molecule
While we were pursuing our work on mycobacterial RecAs, the structures of three new forms of EcRecA and its nucleotide complexes became available. These structures revealed, among other things, a correlation between the helical pitch of the filament, which is the length of the c axis in the hexagonal crystals, and the orientation of the C-domain with respect to the M-domain. The pitch of the helix (the c dimension of the crystal) is 82.7Å in the original crystals of EcRecA (EcRecA I (2REB); Story et al. 1992) . The three new forms [EcRecA II (1U94), EcRecA III (1U98) and EcRecA IV (1U99); Xing and Bell 2004] have c dimensions close to 74 Å. The 'bottom' half of the C-domain in the newly reported forms moves away from the M-domain, in comparison to its position in the EcRecA I, as the pitch of the helix decreases (Fig. 7) . The determination of the structure of DrRecA provided further evidence for the correlation (1XP8; Rajan and Bell 2004) . In DrRecA, the relevant region of the Cdomain moves still farther away from the M-domain when the pitch reduces still further to 67.5 Å. In view of these observations, we judged it worthwhile to further explore this correlation and the correlation among different types of movements, including those involving the switch residue, the pitch of the filament and the orientation of the Cdomain. For this purpose, the structures of MsRecA, three mutants involving substitutions of the switch residue and their nucleotide complexes grown under slightly different crystallization conditions were studied at room temperature and low temperature (100K) (Krishna et al. 2007; Prabu et al. 2008 ). In one instance, a low humidity (LH) form generated by lowering the humidity around the crystal was also studied. In the process, 30 different crystal structures involving MsRecA were examined (Table 1) .
The 30 structures referred to above can be classified into four forms on the basis of their unit cell dimensions (Table 2) . They were crystallized in three slightly different conditions. The form of the crystal is indicated as the last character in the Table 1 , and the condition is given in the second column. Most of the early work was done using crystals grown under conditions 1 and 2. However, the mutants could be crystallized only under condition 3. For comparison, native crystals were also grown under this condition. Crystals very similar to Form II crystals were obtained under condition 3. In Table 1 , these crystals are designated as Form II′, with the prime added to II to indicate the difference in crystallization condition. Crystals grown under the new condition were studied at low temperature as well, which resulted in the identification of a new form, Form IV. In Table 1 , the native crystals are denoted by MsRecA followed by the form to which they belong. In the case of mutants, the symbol of the substituted amino acid comes after MsRecA, followed by the name of the ligand, if present. Thus, MsRecA N-dATP IV denotes the dATP complex of the Q196N mutant which crystallizes in Form IV. One set of crystals was grown in the presence of the C-terminal polypeptide stretch of the single-stranded DNA binding (SSB) protein; only the native crystals grew. SSB is added in parenthesis when denoting these crystals. The low humidity form included in the analysis has an 'LH' in its name.
The native and the three derivative crystals grown under condition 1 belong to Form III. Forms I, II and III occur 
Ms, Mycobacterium smegmatis when crystals are grown under condition 2. Interestingly, Form I and Form II crystals are obtained simultaneously when MsRecA and dATP are co-crystallized under this condition. Furthermore, Form I readily transforms to Form II when the water content of the crystal is reduced by decreasing the relative humidity around the crystal. The water content of Form I crystals is around 62 %, whereas that of Form II crystals varies between 59.3 and 60.9 %. The water content of Form III crystals is still lower at 58.5 %. Only Form II′ crystals are obtained under condition 3. and they transform to Form IV at low temperature. MsRecA E-ATPγS assumes a structure which cannot be readily assigned to any one of the four crystal forms, and this is the only one of the 30 structures which does not belong to one or the other of the four forms.
Understandably, the DNA binding loops which protrude into the central groove exhibit considerable flexibility. However, the movement of these loops cannot be readily correlated with movements in other regions of the molecule. As in the case of EcRecA, MsRecA also exhibits variation in the orientation of the C-domain among the different forms (Fig. 7) . However, unlike in the case of EcRecA, the correlation between the orientation of the C-domain and the pitch of the helix is not strong in MsRecA structures. On the other hand, any change in the orientation of the C-domain is correlated with a change in that of the LexA binding loop; there is also a reasonably good correlation between a change in the orientation of the C-domain and a change in the location of the switch residue (Prabu et al. 2008) . The 'bottom' half of the C-domain and the LexA loop are farthest apart in Form I (Fig. 8a ) and closest to each other in Form IV (Fig. 8b ). Gln37 appears to have an important role in causing the movement of the C-domain from the position in Form I to that in Form IV (Fig. 8c) . In Form I, the side chain of this residue belonging to the loop that connects the N-and M-domains forms hydrogen bonds with the main chain carbonyl group of Ile55 of the M-domain and that of Ile331 of the C-domain. The hydrogen bonds are broken in Form IV, and the side chain of Gln37 flips over to the opposite side, with a movement of 3.5Å in the C α position. The movement ripples along the loop and contributes to the movement of the 'bottom' half of the C-domain towards the LexA binding loop, leading to the formation of a charge cluster connecting the two regions in Form IV. Steric interactions prevent the two regions from approaching far too close to each other.
As illustrated in Fig. 8d , the position of Gln196 differs among the four crystal forms. The direction of these changes and the directions of the movement of the C-domain correlate well in Forms I, II and IV. Form III deviates from the pattern. The tendency is for the switch residue to move towards its position in the nucleotide complex when the 'bottom' half of the C-domain comes closer to the Mdomain. This tendency is found in the EcRecA structures as well. In each MsRecA form, Gln196 moves towards the tail of the nucleotide when it binds to the protein. This movement correlates with a small, though perceptible, movement of the C-domain in all the forms. Thus, the movements of the switch residue and the C-domain appear to be correlated. In addition, the switch residue moves in response to nucleotide binding. The situation is best illustrated by comparing Forms I and IV. The position of the switch residue represented by its C α in Form IV is displaced with respect to that in Form I by 1.75Å. The residue moves in nearly the same direction by 1.31Å when dATP binds to the molecule in Form I. The movement of the residue in the molecule upon dATP binding is lower at 0.88Å in Form IV. The observed movement of residue 196 in the mutants (Q196A, Q196N and Q196E) is of interest in relation to its role as a switch residue.The first mutant involves a change in the chemical nature and the size of the side chain; in the second mutant, the chemical nature remains the same, but the size of the side chain is smaller; in the third mutant, the chemical nature changes, but the size of the side chain remains the same. The crystal structures of all the mutants and their complexes belong to Form IV. As an example, the interactions of dATP with residue 196 in the Form IV wildtype structure and the three mutant structures are illustrated in Fig. 9 . In the Q196E complex, the carboxylate group of Glu196 and the terminal phosphate of the ligand understandably move away from each other as both are negatively charged. The alanyl side chain, which in any case cannot form a hydrogen bond, is positioned far away from the terminal phosphate in the complex with Q196A. In the Q196N complex, the side chain nitrogen atom forms a hydrogen bond with one phosphate oxygen, while the nitrogen atom of the glutamyl residue forms two hydrogen bonds with two phosphate oxygens in the complex involving the wild-type protein. Thus, the glutamyl side chain has the right functional group and size to form an appropriate interaction with the terminal phosphate group of the nucleotide. As noted earlier, in every single case, nucleotide binding causes residue 196 to move towards the phosphate chain of the nucleotide. No such systematic movements occur in the case of the mutants. Thus, the research with mutants further indicates the role of Gln196 as a switch residue.
Conclusion
The work reviewed here demonstrates, among other things, the mobility of the C-domain, the LexA binding loop, the switch residue and the loop connecting the N-and the Mdomains. The movement of the switch residue in response to nucleotide binding adds another biologically relevant dimension to the plasticity of the RecA molecule. The generation of a second nucleotide binding site on the ordering of C* and the connectivity between the first nucleotide binding site in one molecule and the second site in an adjacent molecule in the filaments provide a pathway for Fig. 9 The switch residue 196 and the nucleotide in the dATP complexes of MsRecA-dATP IV (cyan; 2ZRM), MsRecA A-dATP IV (yellow; 2ZRK), MsRecA N-dATP IV (magenta; 2ZRF) and MsRecA E-dATP IV (green; 2ZR9). Reproduced with permission of the International Union of Crystallography from Prabu et al. (2008) . (Available at: http:/journals.iucr.org/) Fig. 10 The DNA binding loops L1 (a) and L2 (b) in active and inactive filaments of eubacterial RecAs. The main chain trace of the loop region after superposition of the M-domains is shown. The loops in the active filament (green) were taken from the EcRecA 5 -ssDNA-ADP-AlF 4 (3CMW) and those in the inactive filaments (red) are from the MsRecA and MtRecA structures in which L1 (1MO5, 1UBG, 2OFO, 2OE2, 2OEP, 2ZRN, 2ZRO, 2ZRM, 2ZRH, 2ZRI, 2ZRK, 2ZRC, 2ZRD, 2ZRE, 2ZRF, 2ZR0) and L2 (1MO4, 1UBG, 2OFO, 2OE2) are ordered. L1 is ordered and has the same conformation in most of the MsRecA Form IV structures allosteric communication that enables the transformations in molecular aggregation during the action of RecA. Indeed, the intrinsic plasticity of the molecule, elucidated through the studies discussed here, is used in the transition from the inactive to the active filament, as evidenced by the presence of a complex structure consisting of a covalently linked oligomer of truncated EcRecA molecules with DNA and an ATP analogue (Chen et al. 2008; Prabu et al. 2008) . The most striking difference in the plasticity of the molecule in the inactive and the active filaments is understandably in relation to the DNA binding loops. These are disordered in the EcRecA and DrRecA structures and can be seen in some of the MsRecA and MtRecA structures. They exhibit considerable conformational differences among themselves even when ordered. On the contrary, all of these loops are ordered in the active filament, and they have the same conformation in all of the molecules in the filament even when they are not related crystallographically (Fig. 10) .
The gene segment for the 18 C-terminal residues of EcRecA, corresponding to C* were removed when constructing the 'active' filaments represented by the EcRecA-DNA-nucleotide complex referred to above (Chen et al. 2008) . However, a model of an untreated 'active' filament could be readily built by incorporating this stretch into the structure using the geometry of C* observed in the appropriate MsRecA-dATP complex. C* in the model is now adjacent to the C-domain of a neighboring molecule in the 'active' filament. This observation, namely, the proximity of the C-domains of adjacent molecules in the filament mediated through C*, appears to provide a structural framework for the known regulatory role of the C-domain including C* (Prabu et al. 2008) . Calculations using the Yale Morph server (Krebs and Gerstein 2000) suggest that the 'inactive' filament could readily transform into the 'active' filament without any break or unacceptable steric clashes in the trajectory of transformation. Thus, a smooth transition from 'active' to 'inactive' filaments appears to be possible using the internal motions of the RecA molecule elucidated mainly through studies on the inactive filaments.
The internal motions of the RecA molecule discussed here have been derived primarily from studies on MsRecA and, to some extent, EcRecA. The movement of the switch residue in response to nucleotide binding is seen in MsRecA, EcRecA and MtRecA. The movement of the Cdomain occurs in MsRecA and EcRecA. This movement correlates with the helical pitch of the filament in EcRecA, but not in MsRecA. The movements of the C-domain and the LexA loop appear to be correlated in MsRecA. Correlation between the movements of the C-domain and the switch residue is seen in MsRecA and EcRecA. The structures of MtRecA that have been X-ray analyzed to date all belong to the same crystal form. A comprehensive exploration involving the different crystal forms and environmental conditions of the MtRecA molecule remains to be carried out. Neverthless, available evidence appears to suggest that the internal movements in the RecA molecule from different eubacterial species have commonalities as well as differences.
